Interaction of oligonucleotides with cationic lipids: the relationship between electrostatics, hydration and state of aggregation.
Lipoplexes, which are spontaneously formed complexes between oligonucleotide (ODN) and cationic lipid, can be used to deliver ODNs into cells, both in vitro and in vivo. The present study was aimed at characterizing the interactions associated with the formation of lipoplexes, specifically in terms of electrostatics, hydration and particle size. Large unilamellar vesicles (approximately 100 nm diameter), composed of either DOTAP, DOTAP/cholesterol (mole ratio 1:1) or DOTAP/DOPE (mole ratio 1:1) were employed as a model of cationic liposomes. Neutral vesicles ( approximately 100 nm diameter), composed of DOPC/DOPE (mole ratio 1:1), were employed as control liposomes. After ODN addition to vesicles, at different mole ratios, changes in pH and electrical surface potential at the lipid-water interface were analyzed by using the fluorophore heptadecyl-7-hydroxycoumarin. In separate 'mirror image' experiments, liposomes were added at different mole ratios to fluorescein isothiocyanate-labeled ODNs, thus yielding data about changes in the pH near the ODN molecules induced by the complexation with the cationic lipid. Particle size distribution and turbidity fluctuations were analyzed by the use of photon correlation spectroscopy and static light-scattering, respectively. In additional fluorescent probe studies, TMADPH was used to quantify membrane defects while laurdan was used to measure the level of hydration at the water-lipid interface. The results indicate that mutual neutralization of cationic lipids by ODNs and vice versa is a spontaneous reaction and that this neutralization is the main driving force for lipoplex generation. When lipid neutralization is partial, induced membrane defects cause the lipoplexes to exhibit increased size instability.